Abstract The immune defence against Mycobacterium tuberculosis is complex and involves multiple interacting cells. Studies in subjects with polymorphisms in genes for IFN or its receptor gene evaluate their relationship with mycobacterium infections. The purpose of this study was to analyze the evidence of the effect of polymorphism +874 A/T from interferon-γ on the occurrence of tuberculosis. We performed a meta-analysis of studies published between June 2002 and April 2012. The articles analyzed assessed the relationship between the polymorphism +874 A/T and the development of tuberculosis. The meta-analysis was performed with a random effect model, considering the heterogeneity among studies. Genotype TT showed a protective effect (OR, 0.77; 95% CI00.67-0.88) while genotype AA may be associated with increased susceptibility to developing tuberculosis (OR, 1.51; 95% CI01.38-1.65). In relation to alleles, we can verify that the A allele is related to the development of tuberculosis (OR, 1.56;). This information reinforces the importance of host genetics in the development of infectious diseases. Studies in this area can result in the promotion of new and more accurate genetic markers.
Introduction
Tuberculosis is a chronic infectious disease that occurs worldwide. In 1993, the World Health Organization (WHO) described the disease as a global emergency and it is currently responsible for the death of thousands of persons around the world [1] . About 8 million new cases and nearly 1.8 million deaths attributable to TB occur each year [1] . Brazil is the 18th ranked country in the world in cases of tuberculosis, as estimated by the WHO (with an incidence rate of 48 per 100,000 in 2007) [2] . In many populations, this situation is aggravated by an increased prevalence of virus infection by human immunodeficiency virus (HIV) [3] .
The immune defence against Mycobacterium tuberculosis is complex and involves the interaction between cells T CD4, lymphocytes T CD8, macrophages and monocytes, along with the production of cytokines, interferon-γ (IFN-γ) and tumour necrosis factor (TNF) [4] . A growing body of evidence is presented to define the role of genetics in the host's susceptibility to developing infections [5] . Owing to the nature of this type of disease and the complex immune response after exposure, it is presumed that many host genes play an important role in determining susceptibility to the disease [6, 7] .
Among the evidence related to the function of human genetics in the disease development are the twin studies that indicate that TB rates among monozygotic twins are more than twice as high as the rate of dizygotic and genotypic differences demonstrated between different ethnic groups [8, 9] .
According to the Manual of Recommendations for Tuberculosis Control in Brazil, a factor among the genetic aspects of risk are single-base polymorphisms in genes encoding substances involved in the defence of the body, mainly cytokines and their receptors [10] . Studies in subjects with polymorphisms in genes for IFN or its receptor gene evaluate their relationship with mycobacterium infections [11, 12] . In addition, some studies have linked the low production of IFN and active tuberculosis [13] .
The most significant single-base polymorphism found in the gene for IFN-γ is presented as polymorphism +874 A/T located in intron I, which binds to the site of transcription factor NFkB [14] . Studies showed that the variant allele +874 A is related to low production of IFN-γ [14] .
In the last decade, numerous studies about the association between the polymorphism +874 A/T of interferon-γ and tuberculosis emerged. In 2008, a meta-analysis on the subject was published, which analyzed 13 studies published up to August 2007 [15] . This article also examined the polymorphisms interleukin-10 −1082G/A and tumour necrosis factor α −308G/A, which evaluated only the protective effect of allele T.
The meta-analysis extracts information from existing data through the union of the results of several studies and the application of statistical techniques can synthesize their findings or draw a new conclusion [16] . The purpose of this study was to analyze the evidence of the effect of polymorphism +874 A/T interferon-γ on the occurrence of tuberculosis.
Materials and methods

Identification and selection of articles
This review was restricted to case-control articles published comparing polymorphism +874 A/T interferon-γ with the development of active tuberculosis, according to the methodology described in the PRISMA Statement [17] . These studies were identified by searching the PubMed database for publications from June 2002 to April 2012. Despite not having search language restrictions, only English language articles were selected. The keywords used were "tuberculosis", "polymorphism", "interferon", "susceptibility" and "874". The reference lists of identified publications were searched. We selected 19 articles that analyzed individuals affected with both pulmonary and extrapulmonary tuberculosis in selected health centers or in the community. Only studies that provided sufficient data for statistical calculations were chosen.
Quality evaluation
These articles were evaluated and rated according to methodological criteria proposed by Downs and Black [18] , which were applicable to the design of articles to assess their quality. These criteria assess the quality of information, internal validity (bias and confounding), the external validity and the ability to detect a significant effect of the study.
Inclusion and exclusion criteria
We included studies that linked polymorphism +874 A/T with susceptibility to developing tuberculosis and that provided sufficient data for statistical analysis. In the 11 articles that reported the relationship of the polymorphism of another gene to susceptibility to tuberculosis was considered the only data on the polymorphism of interferon-γ. We included two studies that presented derivation of the Hardy-Weinberg equilibrium, whereas the inclusion of these items in a previous metaanalysis did not alter the results significantly [15, 19, 20] . We excluded articles that were reviews or meta-analyses, articles that related polymorphism +874 A/T to other diseases and studies that related tuberculosis to the polymorphism of other genes.
Data collected
In the extraction of data, the following information was collected: first author and year of publication, distribution of genotypes and alleles for each polymorphism between cases and controls, whether the tuberculosis studied in the article was only pulmonary or pulmonary and extrapulmonary, the presence or absence of HIV cases and controls and the region of origin of the article.
Statistical analysis
The statistical package Stata version 9.0 was used in the data analysis. The Q test was used to assess heterogeneity between studies and, in case of heterogeneity, we used the random effects model. We then calculated the OR and CI, confidence level of 95% for each genotype first and then the combination of alleles, through the fixed effect models (FEM) and random effects (MEA). The group reference was the AT genotype. We use the dominant model to analyze the effect of genetic polymorphisms of IFNG on the risk of TB. We used the Q test for the calculation of statistical heterogeneity, considering the value of the p>0.1 level of significance to accept that the results are similar.
Results
A total of 2,199 articles were found from the initial search of PubMed, using keywords such as tuberculosis and polymorphism (Fig. 1) . No further reference has been identified in other databases. Considering the large number of articles identified, there were more studies with other combinations of words in order to refine the search. Initially, research was carried out with the words tuberculosis, polymorphism and interferon; we found 79 articles and selected 21. In the following search, the word susceptibility was added, 61 studies were identified and 22 selected. In the latest survey, the number of the position of the polymorphism (874) was added and 19 articles were found. Among these, 14 were chosen. The result of these three searches was a total of 23 articles that linked the polymorphism with the development of tuberculosis. After analyzing the selected articles, 4 studies were excluded: 3 did not provide the data needed for statistical analysis and the other dealt with patients with tuberculosis associated with silicosis, thus resulting in a total of 19 studies. Table 1 describes the 19 articles (19 studies) that were included in the meta-analysis. Of the studies analyzed, in 3 the cases were of European origin, 4 African, 6 Asian, 4 Americans and 2 Eurasian (Turkish). In studies conducted in Canada and the UAE, different ethnic groups were analyzed together, considering the large number of articles evaluated [21, 22] . Different studies have looked at cases from both health centres (73.68%) and the community (10.52%) and others did not specify this information (15.80%). In articles written in West Africa and Malawi, they make it clear that both HIV-positive and -negative subjects were used, or in other articles the author uses only HIV-negative subjects or did not cite the fact [23, 24] . Two studies assessed the polymorphism in children [25, 26] .
Considering the high value found for the heterogeneity in both tests (TT genotype, 74.80%, and AA genotype, 85.90%), we used the random effect model for data analysis. The results described in Fig. 2 show a greater susceptibility to developing tuberculosis in individuals with the AA genotype (OR, 1.51; 95% CI01.38-1.65). Figure 3 shows the protective role that provides individuals with the TT genotype (OR, 0.77; 95% CI0 0.67-0.88). Besides these aspects, a predisposition to the disease may also be associated with the presence of an A allele through the analysis of individuals' heterozygous AT genotype shown in Fig. 4 (OR, 0.76; 95% CI00.70-0.83). Of the 19 articles evaluated, only 11 provided sufficient data for a statistical analysis of the prevalence of alleles A and T. According to Fig. 5 Results showed an association between the TT and +874 homozygote, a reduced frequency of pulmonary tuberculosis conical (p00.04521) [31] 2003 South Africa 313 patients with pulmonary tuberculosis and tuberculous meningitis 235 controls with more than 15 years with no history of tuberculosis Statistical analysis showed a significant association of both the genotype (p00.017) and allele (p00.0055) [32] 2003 Spain 113 newly diagnosed patients (PPD-positive and -negative).
207 close contacts (PPD ±). 100 healthy donors (PPD ±). There was no significant difference in the frequency distribution of alleles between patients and controls. [37] 2007 China 301 patients with pulmonary and extrapulmonary tuberculosis 310 controls, the same ethnic Han
The A allele was more representative in tuberculosis (p00.0023). The AA genotype was associated with tuberculosis (OR01.98, 95% CI01.08 to 3.63, p00.035) [20] 2007 Brazil 93 patients with pulmonary and extrapulmonary tuberculosis 266 health care professionals asymptomatic (PPD + / -) Considering all the controls (PPD positive and negative), there was an association between the presence of the A allele and the development of tuberculosis. [21] 2008 Canada For ethnicity Dené, 61 patients and Cree, 42 patients 91 Caucasian controls with mean age of 52 years.
Compared with Caucasians, both Cree and Dene had a higher frequency of allele A. [34] 2009 Pakistan 188 patients with pulmonary and extrapulmonary tuberculosis 188 controls The TT genotype was significantly associated with pulmonary tuberculosis (p00.034).
Discussion
The study identified through the meta-analysis that the AA genotype and A allele are related to the development of tuberculosis, while the TT genotype and T allele are attached to the protective effect against the disease. The development of tuberculosis is caused by the interaction of several factors, be they related to the environment, host or microorganism. According to the World Health Organization, elements that alter host immunity (infectious diseases like HIV, low weight, immunosuppressive therapy) and other conditions such as a state of confinement, alcohol and smoking increase the likelihood of a person infected with M. tuberculosis developing the disease [1] . The genetic profile of an individual can certainly determine the occurrence of active disease. One can find literature evidence There was no significant association in the allelic and genotypic frequencies between cases and controls. [26] 2010 Egypt 110 TB patients (mean 6 years) 118 healthy children (0.5 to 18) with no history of tuberculosis Analysis showed that the frequency of allele A was higher and the T allele was lower in patients with tuberculosis than in the controls (Pc0−0.006 and 0.002) [35] 2010 Brazil 162 individuals with tuberculosis 156 blood samples It was observed that variations in allele frequencies were statistically significant when compared with control group patients (p < 0.0001). The AA genotype was more frequent in patients. [36] 2011 Tunisia 223 patients with pulmonary and extrapulmonary tuberculosis 150 healthy blood donors The AA genotype is statistically correlated with the development of pulmonary tuberculosis (OR02.18, 95% CI01.33 to 3.57, Pc00.003). phism and the development of tuberculosis. Among the possible explanations given by different authors are the frequency of alleles in a distinct population and the possible influence of other genes, considering that the immune chain against mycobacteria involves other cytokines [15, 19, 22, 24] . In a survey conducted in West Africa, a large sample was used (682 cases) and even in those conditions, the association was not found [23] . The author explains that, even in a population this size, there may not be enough power on behalf of other factors, such as malnutrition, that might dilute any genotypic effect. Undiagnosed cases of tuberculosis in the control group may have affected the final result of the research [27] . When first combined, the results for the AA genotype described in Fig. 1 , despite the high heterogeneity found (I 2 085.9%), demonstrated a well-established relationship with the development of tuberculosis. The studies that most contributed to this outcome have been made in Malawi, in the UAE and West Africa, respectively (16.60%, 14.55% and 14.43%) [22] [23] [24] . In studies of infected populations, the polymorphism was associated with low levels of interferon-γ, which strongly shows that the polymorphism analysis is linked to reduced cytokine production, decreasing the activation of cellular immunity, which is essential for combating M. tuberculosis and increasing the chances of infection [28] [29] [30] .
In Fig. 3 , a protective role of the TT genotype (OR, 0.77; 95% CI00.67-0.88) is clearly shown. In another metaanalysis of the subject, despite the relatively modest protective effect (32%), this was also demonstrated [15] . Besides these aspects, the presence of the T allele may also be associated with a predisposition to the disease through the analysis of AT in individuals of heterozygous genotype as shown in Fig. 4 (OR, 0.76; 95% CI00.70-0.83). Of the 19 articles evaluated, only 11 provided sufficient data for a statistical analysis of the prevalence of alleles A and T. According to Fig. 5 , once again the role of the A allele is evident in the development of tuberculosis (OR, 1.56; 95% CI01.42-1.71).
Publication bias is a potentially serious limitation to any meta-analysis. If the results of unpublished studies are systematically different from those of published studies, particularly with respect to the magnitude and/ or direction of the findings, their omission from a metaanalysis would yield a biased summary estimate (assuming that the quality of the unpublished studies is at least equal to the quality of the published studies). Of course, the results will be more accurate as more data become available and this underscores the need for publication of even nonsignificant results to avoid publication bias in meta-analysis studies.
In conclusion, the result of this meta-analysis suggests a consistent association between polymorphism and tuberculosis in different populations, which reinforces the fact that interferon-γ plays an important role in host defence against the development of tuberculosis. Although there is a need for more studies to make certain of the association, it is highly likely that the low level of interferon-γ, caused by the presence of the AA genotype, increases the risk of active tuberculosis. In the present study, it was found that the studied polymorphism is a strong candidate marker for genetic susceptibility to tuberculosis. 
